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UNIVERSITY OF CALIFORNIA EXTENSION, BERKELEY

Biological
Electron
Microscopy

Botanical
Histochemistry

JUNE 19-30, 1967 JULY 10-28, 1967




Letters and Science Extension in cooperation with
The Electron Microscope Laboratory / University of California, Berkeley

BIOLOGICAL ELECTRON MICROSCOPY X 403.

JUNE 19-30, 1967

Rapid advances in electron microscopic applications to
biological materials and the development of new elec-
tron microscopic techniques make electron microscopy
an increasingly important field of modern science. This
course, conducted on the postgraduate level, is in-
tended as a systematic introduction to the theory and
application of electron microscopy of biological mate-
rials. It will utilize a broad spectrum of speakers and
new laboratory equipment to provide a basic under-
standing of modern techniques for electron microscopy
and to review recent advances which electron micros-
copy has produced in the biological sciences.

Objectives

To provide instruction and experience in basic tech-
niques in electron microscopy of biological materials;
to develop the participants’ ability to evaluate the
suitability of problems for electron microscopic in-
vestigation; to provide a basic knowledge of the appli-
cation of electron microscopic methods to specific
research areas in biology and medicine; to demonstrate
advanced techniques of specimen preparation and elec-
tron microscopy; and to advise on the planning, estab-
lishment, and organization of electron microscope la-
boratories.

Content

The course will include a comprehensive series of lec-
tures and demonstrations surveying electron optics and
electron microscopy theory. The demonstrations will
cover techniques and applications of biological elec-
tron microscopy, with the aim of helping participants
learn about the types of laboratory equipment, prepara-
tion of specimens, operation of the electron micro-
scope, and specific modern electron microscopy tech-
niques. Approximately half of the lectures will feature
application to specific biological or medical areas.

Each participant will be individually scheduled for lec-
tures and the several concurrent laboratory and dem-
onstration sections; in this way it is possible to accom-
modate different levels of experience and individual
interests while keeping group sizes small, assuring
participants ample opportunity for guidance and dis-
cussion. Research material appropriate to each partici-
pant's field of interest will be provided. Participants
may elect to bring suitable specimens to the course
and to prepare and examine them as part of the labora-
tory exercises. Those who do so must submit a re-
search plan with their application.

An exclusive course manual will be provided, and a
library and reading room will be available for study.
The laboratory will also be open in the evenings and
on the weekend. A social program is included to pro-
vide informal opportunities to exchange views and
extend academic associations.

For Whom Intended

The course is intended for scientists in colleges, uni-
versities, and industry who need to be familiar with
electron microscopy, and for electron microscopists
seeking a refresher course that includes the latest
techniques. The course should be of interest to senior
investigators, postdoctoral fellows, advanced graduate
students, and professional technicians.

Daily Schedule

Morning and Concurrent Lectures and Labora-

Afternoon tories (two laboratories each morn-
ing and afternoon)

Evening Demonstrations and Laboratories

Weekend Laboratory open during the day

(June 24-25)



Lecture Schedule

June 19

Morning Registration and Orientation

Afternoon Specimen Preparation. Discussion

Evening T.V. Tapes: Specimen Preparation

June 20

Morning Electron Optics

Afternoon Electron Optics

Evening Reception

June 21

Morning Ultracytochemistry

Afternoon Ultracytochemistry

Evening T.V. Tapes: Microtomy

June 22

Morning Film Making and Knife Breaking

Afternoon Light and Electron Microscopy
Methods

Evening T.V. Tapes: Shadowing and
Negative Staining

June 23

Morning Scanning Microscope

Autoradiography

Afternoon Excursion

June 26

Morning Molecular Biology and Virology

Afternoon Molecular Biology

Evening Autoradiography

June 27

Morning  Freeze Etching / Membranes

Afternoon

Evening

June 28
Morning
Afternoon

Evening

Botanical Applications
Freeze Etching

Zoological Applications
Filamentous Organelles

Light and Electron Microscope
Applications

June 29

Morning Protozoa and Spermiogenesis
Afternoon Chromosomes

Evening Special Demonstration

June 30

Morning Biochemical Cytology
Afternoon To be announced

Evening Banquet

Demonstrations

Operation of Electron Microscopes
Sectioning

Knife Breaking and Film Making
Photography

Fixing and Embedding

Freeze Etching

DNA Spreading

Magnification Calibration
Resolution Determination
Microscope Alignment

Microscope Maintenance
Autoradiography

Light Microscopic Techniques
Stereo Electron Microscopy
Scanning Microanalysis

Negative Staining

Heavy Metal Shadowing Technique
Equipment Evaluation and Analysis

Labeled Antibodies

Special Discussions
Organization and Planning of Laboratories

Financing and Administration of Laboratories
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Cover Photograph

Freeze fracture replica of the surface of a pig kidney tissue
culture cell showing inner and outer membrane aspects and
micro-villi. 100,000 X. By Melvin Weinstock, Department of -
Zoology, University of California, Berkeley.

Nonprofit Org.
U. S. Postage
PAID
Berkeley, Calif.
Permit No. 157

Inside Photograph
Root cap of onion root tip (Allium cepa var. white globe).
Periodic acid-Shiff reagent (PAS) used to localize insoluble
carbohydrates. By William A. Jensen, Department of Botany,

University of California, Berkeley.
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g 204064 ADDED TEST AT 460.
& le21e64 MOD OF WXR786Ce
€ lel0e64 TO GO WITH WXR82C lel6e64 lel7.64
G le8e64 QENCHA IN CALL ARGUMENT
20431463 ADD AFPOSs VMIN = =,1
E iZ:Z?:gB MOD OF WXR786C TO USE WXR80C FOR PLOT INSTEAD OF WXR81Ce
C 12426463 MOD OF WXR785C, ADDED CLOCK.
€ 12.18463 MOD OF WXR783C, THIS IS CUBED VERSION.
C 12014462 MOD OF WXR781C 12017463
C 1269463 MOD WITH CHANGED DIMENSIONSs NCe AX-S-D ORDER.
¢ 12,563 MOD OF 707 AND 709C,
902 FORMAT (18HOUTPUT OF WXR791C, /
X 24HDRe We RALL»y EXTe 64325, / 15HBLDGe 31, 9A23. /il W
C

DIMENSION VAZ(14)sVBZ(14)) ABIla)oAClIQ)oBB(;?;;?Cilﬁl,
1 VAPIZSI).VBP(ZSIloTK{25ll,ZJl2511oVATZ(ZSl.l&l'VBT{IO] 114),
2 KTA(10)sKTB(10)sBEB(10s10)sBJC(10910)sKTSP(10)sVSP

900 FORMAT (1HO)

901 FORMAT (1H1l)

903 FORMAT (22HEND OF WXR791C OUTPUT,.)
904 FORMAT (/77/7)

120 WRITE OUTPUT TAPE 15, 902

140 READ INPUT TAPE 1s 9515 NC»

X PROBNOsNTsNSTEPsDTsDZsNEJyNSP»IFTEST

951 FORMAT (11s9XsF104492(5X915)92F104492(3X912)»110) T,8X

921 FORMAT(2HNCsy 12Xs6HPROBNO+8Xs2HNT »5X s SHNSTEP »8X»2HDT#E292HDZ 5%
X 3HNEJ»2Xs3HNSP s4Xs6HIFTEST /)

141 IF END OF FILE 142,150

142 WRITE OUTPUT TAPE 15s 903

144 STOP

150 WRITE OQUTPUT TAPE 15, 920

920 FORMAT( 28HRECAP OF INPUT INFORMATIONe ////)
151 WRITE OUTPUT TAPE 15, 921

160 WRITE OUTPUT TAPE 15, 951, NC»

X PROBNOsNTsNSTEPsDTsDZsNEJSNSP»IFTEST
161 WRITE OUTPUT TAPE 15, 904
1611 IFSPOT = IFTEST - 100
Cl1611 SEE 481.
(& PRINT IN RUNGE KUTTA FOR EVERY FIFTH
1612 IF(IFSPOT) 162516251613
1613 KMSPOT = IFTEST/100
1614 KSPOT = KMSPOT/1000
KK = 1000%KSPOT
MSPOT = KMSPOT - KK
KMCENT = 100%KMSPOT
IFTEST = IFTEST - KMCENT
KNRK = KSPOT
KRTEST = 0
NRKABC = IFTEST - 80
IF (NRKABC) 1621516215173

KTe 6112115 GTVES yage

1615

1616
1617
1618
1619
1620

WXR701C
WXR701C

WXR701C
WXR701C

WXR701C
WXR701C
WXR701C

=61 I
EeGe IFTEST= 6112185 MEANS THAT FROM KT=6 ¢ KT=12; GIVE TEST
TEST.
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1621 NABC = IFTEST -« 10
1622 KNABC = KSPOT

1623 GO TO 180

162 NRKABC = IFTEST - 80
163 IF(NRKABC) 168,168+164
164 KRTEST = 0

165 KNRK = 1

166 GO TO 173

166 KRTEST=1 CAUSES TEST PRINT WITHIN KUTTA-RUNGE SUBROUTINES. SEE 482-3

168 KRTEST = 0

169 IF(IFTEST=10) 1739173+170

170 NABC = IFTEST = 10

170 THIS IS USED AT 410 FOR SELECTED PRINT.
171 KNABC = 1

172 GO TO 180

173 NABC = 0

180 READ INPUT TAPE 1s 952 NC»
X NPLTsLJZPLT sNSPPLTsNSKIPTsIFHLsNPLZ 9yLKTPLZ sNSPPLZyNSKIPZ

922 FORMAT(6Xs 4HNPLTs 4Xs 6HLJZPLT, 4Xs 6HNSPPLTs 4Xs G6HNSKIPT
X10H IFHL NPLZs4X96HLKTPLZs 4Xs 6HNSPPLZy 4Xs 6HNSKIPZ /)
952 FORMAT (Ils 19y 3110 215 3I10)
190 WRITE OUTPUT TAPE 15s 922
200 WRITE OUTPUT TAPE 15s 9525 NC»
X NPLTsLJZPLT 9sNSPPLTsNSKIPTsIFHLINPLZsLKTPLZsNSPPLZyNSKIPZ
210 WRITE QUTPUT TAPE 15s 904
220 READ INPUT TAPE 1»
X 9535 NCsUAsUDsUSA»USDsCOREsNJASNJD» IFVE, IFAB
953 FORMAT(Ils 4Xe 5F10e5s 3155 110)

923 FORMAT (8X»2HUA»8Xs2HUD s 8X93HUSA»7Xs3HUSD s 9X s 4HCORE 53 5 3HNJA 32X

X 3HNJDs 5H IFVEs 6Xs 4HIFAB /)
221 WRITE OUTPUT TAPE 15, 923
222 WRITE OUTPUT TAPE 15,
X 9539 NCoUAsUDsUSA»USDsCOREsNJASNJDs IFVEs IFAB
223 WRITE QUTPUT TAPE 15s 904
JH=INDEX OF HILLOCe JS=INDEX OF SOMAe JT=INDEX OF TRUNKSs

250 JH = NJA

251 JS = JH +° 1
252 JT = Js +.1
253 NZ = JS + NJD

254 NLZ = NZ - 1
230 READ INPUT TAPE 1,
X 954s NC» (VAZ(JZ)s JZ=1y 14)
954 FORMAT(Ils 6X» 14F542)
924 FORMAT(3SHSPECIFICATION OF INITIAL VAZ=VBZ. /)
231 WRITE OUTPUT TAPE 15, 924
232 WRITE OUTPUT TAPE 15,
X 954y NCs (VAZ(JZ)s JZ=1, 14)
233 WRITE OUTPUT TAPE 15 904
240 READ INPUT TAPE 1s
X 955s NC» RACT»RINBsRINC»QENCHA s ROUTB »ROUTC » QENCHg , AFPOS
955 FORMAT (I1ls 4Xs TF10e5s F5e2 )
925 FORMAT (9Xs 4HRACT»s 6Xs 4HRINB»s 6Xs 4HRINCs 4Xs 6HQENCHA 5X»
X 5HROUTBs 5Xs S5HROUTCs 4Xs 6HQENCHB 2Xs 5HAFPOS /)

WXR701C
WXR701C

WXR701C
WXR701C
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243 WRITE OQUTPUT TAPE 15s 925

244 WRITE OUTPUT TAPE 15,
X 9555 NCs RACT sRINBsRINC»QENCHA »ROUTB sROUTC,

245 WRITE OUTPUT TAPE 155 904 QENCHg ,AFPOS

2451 IF(NEJ)24619246152452

5452 WRITE OUTPUT TAPE 15s 936

2453 READ INPUT TAPE 1s
X 966 sNCoKEJsKTA(KES) sKTB(KEJ) » (BEB(JZ sKEJ) »J2=UToNz,
X (BJC(JZsKEJ) 9JZ=JTsNZ) ’

966 FORMAT(I12513521592X920F542)

936 FORMAT(15H KEJ KTA KTBs&Xs12HBEB(JZsKEJ)e 38Xs1ong ¢ (JZsKEY) e/ )

2454 WRITE OUTPUT TAPE 15»
X 966;NCsKEJ,KTAtKEJ1oKTB{KEJ)'(BEB(JZ’KEJ).JZ=JT,NZ,,
X (BJC(JZsKEJ)9JZ=JTsNZ)

2455 I1F(KEJ-NEJ) 24569246002460

2456 WRITE OUTPUT TAPE 15s 900

2457 GO TO 2453

2460 WRITE OUTPUT TAPE 15s 904

2461 IF(NSP)248524852462

2462 WRITE OUTPUT TAPE 15s 937

2463 READ INPUT TAPE 1»
X 967sNCsKSPsKTSP(KSP) sVSP(KSP)

967 FORMAT(12s19511095X9F10e5) :

937 FORMAT (T7Xs3HKSP 96X s 4HKTSP 99X 9 3HVSP /)

2464 WRITE OUTPUT TAPE 159
X 9679NCosKSPyKTSP(KSP) sVSP(KSP)

2465 IF(KSP-NSP) 246692470+2470

2466 WRITE OUTPUT TAPE 15s 900

2467 GO TO 2463

2470 WRITE OUTPUT TAPE 15s 904

248 VMAX = 1.

249 VMIN = =l

201 MKTPLZ = 1 4 NPLZ*LKTPLZ

202 IF(MKTPLZ = NT) 20592055203

203 MKTPLZ = NT

205 MJZPLT = NPLT*LJZPLT

206 IF(MJZPLT = NZ) 25592559207

207 MJZPLT = NZ

255 IF(NZ-14) 26092605256

256 WRITE OQUTPUT TAPE 15, 257

257 FORMAT(36HSTOP BECAUSE NZ IS GREATER THAN 14 /)

258 GO TO 140

260 HERE GENERATE T VALUES, BEGINNING WITH ZEROe

260 TK(1l) = O

261 DO 270 KT=24NT

270 TK(KT) = TK(KT=1) + DT

280 ZJ(1) = Qe5%DZ

281 DO 282 JZ=2s NZ

282 ZJ(JZ) = Z2J(JZ-1) + DZ

311 IF(NSTEP) 31243125320

312 NSTEP = 1

320 XND = NSTEP

330 DELT = DT/XND

WXR701C
WXR701C
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C

331
332
999
366

346
350
351
352
360
360
361
362
363
364
365
370
370

3701
371
372
373
374
375
376
377
380
381
382
390

3901
391
392
393
395
396

C 410

410
4101
4102
4103

411
412

413
420
931

421
422

4221
4222

423

HAFDEL
DELSIX

FORMAT (/ 15HELAPSED TIME IS 1I6s 10H SECONDS. /)

ICLOCK =

CALL NIH104

¢ 5*DELT
DELT/6e

1

(ICLOCK s JCLOCK)

WRITE OUTPUT TAPE 159999, JCLOCK

WRITE OQUTPUT TAPE 159

KT = 1
KEJ = 1
KSP = 1

HERE TO 390 TAKE CARE OF ZERO AND NONZERO INITITIAL CONDITIONS.

DO 365 JZ=1s NZ

AB(JZ)
AC(JZ)
BB(JZ)
BC(JZ)
VBZ(JZ) =

Oe

Oe

Oe

Qe
VAZ(JZ)

901

THIS PROVIDES FOR SYNAPTIC E AND Je

IF(NEJ) 3
IF (KEJ=NE

IF(KT=KTA(KEJ))
IF(KT-KTB(KEJ))

90439053701
J) 37192719390

DO 375 JZ=JTeNZ

BB(JZ) =
BC(JZ) =

Oe
Oe

KEJ = KEJ + 1
GO TO 3701

DO 382 JZ
BB(JZ) =
BC(JZ) =

=JToNZ
BEB (JZ sKEJ)
BJC(JZ9KEJ)

IF(NSP) 410941093901

IF(KSP =~

NSP) 39193919410

390+3805372
39093909373

IF(KT-KTSP(KSP)) 41093925395

VAZ(1) =
GO TO 410

VSP(KSP)

KSP = KSP + 1

GO TO 390
SEE 169=1
IF (NABC)

IF(IFSPOT
IF(KT-KSP
IF(KT-MSP
IF (KT=KNA

1

71e PRINT ONLY WHEN KT IS A MULTIPLE OF Nagc = IFTEST=10.

430943094101

) 411941104102
OT) 430942094103
OT) 411+4205430
BC) 43004209412

KNABC = KNABC + NABC

GO TO 411

WRITE OUTPUT TAPE 159 931s KTs TK(KT)s IFABs PROBNQ

FORMAT ( /3HKT=» I3s 3Xs 3HTK=» FT7e3s 5Xs22HTEST PRiy; [N WXR791Ce
X 10X»s S5HI

IF(IFAB)

WRITE QUTPUT TAPE 159 942
WRITE QUTPUT TAPE 159 9429
WRITE OUTPUT TAPE 15s 943,

IF(IFAB)

FAB=» I3s 35Xs B8HPROBNQOes FlO0e4&4 /)

42294229423

43004249424

(VAZ(JZ)s JZ=1s NZ)
(AB(JZ)s JZ=1sNZ)
(AC(JZ)s JZ=1sNZ)

WXR701C
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e 424 WRITE OUTPUT TAPE 15, 942y (VBZ(JZ)s JZ=1s NZ) ¢
4241 WRITE OUTPUT TAPE 15s 942s (BB(JZ)s JZ=1sNZ)
4242 WRITE OUTPUT TAPE 15s 943s (BC(JZ)s JZ=1sNZ)
=) 942 FORMAT (2Xs 14(1Xs F7e4)) e
943 FORMAT (2Xs 14(1Xs F7e4)/)
430 DO 450 JZ=1ls NZ
@ 440 VATZ(KTsJZ) = VAZ(JZ) -
450 VBTZ(KTsJZ) = VBZ(JZ)
460 TESTV = VAZ(JS) - 5
@ 461 IF(TESTV) 480+4805462 o

462 IFVE = 0
463 NPLZ = 0
- 464 NT = KT ©
465 WRITE OUTPUT TAPE 15s 4665 KT
466 FORMAT (//30HDISCONTINUE COMPUTATION AT KT= 13,
X56Hs BECAUSE VAZ(JS) EXCEEDS 5¢ NOW GO TO 520 Wity p7-kTe /7) -
467 GO TO 520
480 IF(KT-NT) 4819520520
481 IF(NRKABC) 491+49154810 PN
4810 IF(IFSPOT) 482448254811
4811 IF(KT-KSPOT) 49094834812
4812 IF(KT=MSPOT) 48294835490 P
482 IF(KT-KNRK) 49094839485
483 KRTEST = 1
484 GO TO 491 ¢
485 KNRK = KNRK + NRKABC
486 GO TO 482
P 490 KRTEST = 0 ¢
491 IF(IFAB) 492,492,494
C 491 -1=ACTIVE ONLY., O=ACTIVE AND PASSIVEe +1=PASSIVE on_y,
& C 492 THIS SUBROUTINE PERFORMS RUNGE KUTTA FOR ACTIVE DENDRjTiC MEMBRANE. ¢
492 CALL WXR91C (VAZsABACH
1 KTs DELTsNSTEPsHAFDEL sDELSIXsKRTEST>

V

%)

(1

.

& 2 NZsNLZ9sJSsJHsJTsUASUDsUSASUSDY ¢
3 RACTsRINBsRINC»QENCHA»ROUTBsROUTCsQENCHBAFPOS) MAINPRO
494 IF(IFAB) 50054955495
& C 495 THIS SUBROUTINE PERFORMS RUNGE KUTTA FOR PASSIVE DENDRITIC MEMBRANE. ¢

495 CALL WXR92C (VBZsBBsBCo -
1 KTs DELTeNSTEPsHAFDELsDELSIXsKRTEST

w 2 NZsNLZ9JSeJHsJTsUASUDSUSASUSDS ¢
3 RACTsRINBSRINCsQENCHAsROUTBsROUTCsQENCHBSAFPOS) MAINPRO
500- KT = KT +-1 WXR701C

¥ 510 GO TO 370 ®

520 KVE = 0
CALL NIH104 (ICLOCKsJCLOCK)

» WRITE OUTPUT TAPE 15,999, JCLOCK ¢
530 WRITE OUTPUT TAPE 15s 901 ; WXR701C
531 IF(IFAB) 53255325536
? 532 WRITE OUTPUT TAPE 15, 926y PROBNOs (JZs JZ=14NZ)
926 FORMAT (11HVATZ(KTsJZ) 90Xs 8HPROBNCes F1lOe4 //
X 3H KTs 2X93HJZ=» 14(1692Xy)/)
¥ ) 533 DO 534 KT=1, NT
534 WRITE OUTPUT TAPE 155 9565 KTs (VATZ(KTsJZ)s JZ=1s NZ)
r
@
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956 FORMAT (I35 5Xs 14(1XsF7e4))
535 WRITE OUTPUT TAPE 15s 904
536 IF(IFAB) 5604538538
538 WRITE QUTPUT TAPE 15» 927» PROBNO»s (JZs JZ=1sNZ)
927 FORMAT (11HVBTZ(KTsJZ) 90Xs 8HPROBNCes F1lOe4 //
X 3H KTy 2X93HJZ=» 14(1632Xs)/)
540 DO 550 KT=1,NT
550 WRITE OUTPUT TAPE 15s 956s KTs (VBTZ(KTsJZ)s JZ=1s NZ)
560 CALL NIH104 (ICLOCK»JCLOCK)
WRITE OUTPUT TAPE 155999, JCLOCK
5601 IF(NPLZ) 5705570s561
561 DO 569 KT=1y MKTPLZsLKTPLZ
562 DO 564 JZ=1sNZ
563 VAP(JZ) = VATZ(KT»JZ)
564 VBP(JZ) = VBTZ(KT»JZ)
565 WRITE OUTPUT TAPE 155 904
566 WRITE OUTPUT TAPE 15s 945s KTs TK(KT)s KVEs PROBNO
945 FORMAT(58HPLOT OF VALUES VERSUS DISTANCE (JZ AND ZJ), FOR THE CASE
1» 3HKT=y 13y 4X» THTK(KT)=s F542s 4Xs 4HKVE=s Ils 5X,
2 16HWXR786Ce PROBNOe F10e4 /)
567 CALL WXR82C (VAP3sVBPsVMINsVMAXsNZsNSPPLZ sNSKIPZsZJyFABsIFHL)
569 CONTINUE
570 CALL NIH104 (ICLOCK3sJCLOCK)
WRITE OUTPUT TAPE 155999s JCLOCK
571 IF(NPLT) 58056605580
580 DO 650 JZ=LJZPLTsMJZPLT9LJIZPLT
587 WRITE OUTPUT TAPE 15, 901
590 WRITE OUTPUT TAPE 15, 946s JZs ZJ(JZ)s KVE, PROBNO
946 FORMAT(54HPLOT OF VALUES VERSUS TIME (KT AND TK), FOR THE CASEs
1 3HJZ=» [2s 5Xs THZJ(JZ)=» F5e2s 4Xs 4HKVE=» Il, 9X,
2 16HWXR786Ce PROBNOe F10e4 /)
600 IF(IFAB) 6105610625
610 DO 620 KT=1,NT
620 VAP(KT) = VATZ(KTsJZ)
625 IF(IFAB) 64056265626
626 DO 630 KT=1,NT
630 VBP(KT) = VBTZ(KTsJZ)
640 CALL WXR82C (VAP»VBP»VMINsVMAXsNTsNSPPLTsNSKIPT»TK, [Fag, 1FHL)
CALL NIH104 (ICLOCK»JCLOCK)
WRITE OUTPUT TAPE 155999s JCLOCK
650 CONTINUE
660 IF(IFVE) 8005800661
661 KVE = KVE + 1
662 WRITE OUTPUT TAPE 15 901
663 GO TO (70057505800)s KVE
700 WRITE OUTPUT TAPE 15 701
701 FORMAT (47HFOLLOWING CORRESPOND TO ZERO SHUNT CONDUCTsNcEs /)
702 VMAX = 3,
703 VMIN = =2,5
704 IF(IFAB) 705,705s714
705 DO 712 KT=1sNT
706 PA = VATZ(KTsNZ)
707 DO 708 JZ=1,NZ
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708
709
710
711
712
7114
718
716
TLT
718
719
720
721
122
725
750
751
752
753
754
759
760
761
762
763
769
770
71
172
773
780
783
800
810
908
815
820

VATZ(KTeJZ) ==245%(VATZ(KTs»JZ) = PA})
PA = VATZ(KTsJS)

DO 711 JZ=1+JH

VATZ(KTeJZ) = CORE*(VATZ(KTs»JZ) - PA) + PA
CONTINUE

IF(IFAB) 53197159715

DO 722 KT=14NT

PB = VBTZ(KTsNZ)

DO 718 JZ=1sNZ

VBTZ(KT9JZ) ==2e5%(VBTZ(KTsJZ) = PB)
PB = VBTZ(KT»JS)

DO 721 JZ=1lsJH

VBTZ(KTsJZ) = CORE*(VBTZ(KTsJZ) - PB) + PB
CONTINUE

GO TO 531

WRITE OUTPUT TAPE 15 751

FORMAT (53HFOLLOWING CORRESPONDS TO SHUNT WITH FACTOR 0425 /)
DO 780 KT=1s NT

PA = VATZ(KT»sl)

PB = VBTZ(KTsl)

IF(IFAB) 76097609769

IF(ABSF(PA) = +001) 76997619761

DA = =+2%PA

DO 763 JZ=1s NZ

VATZ(KTeJZ) = VATZ(KTHJZ) + DA
IF(IFAB) 78097709770

IF(ABSF(PB) = o001) 78097719771

DB = =+2%PB

DO 773 JZ=1s NZ

VBTZ(KTsJZ) = VBTZ(KTsJZ) + DB
CONTINUE

GO TO 531

WRITE OUTPUT TAPE 159 904

WRITE OUTPUT TAPE 15s 908

FORMAT (28HREAD INPUT FOR NEXT PROBLEM. //) WXR701C
WRITE OUTPUT TAPE 159 901

GO TO 140

END WXR701C

SUBROUTINE WXR82C(VAsVBsVMINsVMAX s NPLP s NSPACEsNSKIP,ABSCISsIFPLABS
X IFHL)

2e4eb64 ADDED 2042 2112 2222 2262 2422 2462
lel5e64 lelboeb4

1¢10464 BLEND OF WXR80C AND WXR81Ce 1lel3.64
le2¢64 MODIFIED AND SIMPLIFIED PLOT ROUTINE.

DIMENSION VA(251)sVB(251)sABSCIS(251)9SCALE(12)9SORD(111)

SORD(111) IS A VARIABLE WHICH PERMITS SPECIFICATION OF SYMBOLS TO BE
ENTERRED IN THE 111 ALPHANUMERIC FIELDS OF UNIT SIZE, (111Al).

o

¢
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C
ASYMA
ASYMB
ASYMC
ASYMX
ASYMY
ASYMZ
ASYMO
ASYMPL
ASYMBL
C
120
902
X
X

570
575
580
581
582
584
585
586
587
588
589
130
C 130
903
140
180
190
191
195
200
201
202
203
204
2041
2042
205
206
210
211
2111
2112
212
213
215
216
220

FOLLOWING ARGUS STATEMENTS DEFINE VARIABLES AS PRINTER SYMBOLS.

ALF
ALF
ALF
ALF
ALF
ALF
ALF
ALF
ALF

+ON < XNTD>

WRITE OUTPUT TAPE 15 902

FORMAT(13HVA SHOWN (A)e 2Xs 13HVB SHOWN
OWN (Cle 2Xs 53HSCALE SHIFT INDICATED BY SUBST.

Je 4Xs» THWXRB2Ce /)

KPLAB = 2 + IFPLAB

KDK = 1 + NSKIP

IF (INSPACE) 581,581,582
NSPACE = 1

JSPACE = NSPACE - 1

PRANGE =110,/(VMAX = VMIN)
LZERO= 145 + PRANGE*(=-VMIN)
DSCALE = (VMAX=-VMIN)/11le
SCALE(1l) = VMIN

DO 589 J=2s12

SCALE(J) = SCALE(J-1) + DSCALE

WRITE OUTPUT TAPE 155 903s (SCALE(J)»s J=1,12)

THIS LABELS ORDINATE SCALE

FORMAT (6HSCALES / 12(3X»

KT =]

DO 190 J=1,111

SORD(J) = SYMPL

SORD(LZERO) = SYMO

GO TO (2209200+240)s KPLAB

JA = 1¢5 + PRANGE*(VA(KT) = VMIN)
JB = 1e¢5 + PRANGE*(VB(KT) - VMIN)
IF(JA=-JB) 22192035221

IF(JA=1) 204492155210

JA = JA + 110

IF(JA=-1) 204252055205

JA =1

SORD(JA) = SYMZ

GO TO 400

IF(JA-111) 215,215,211

JA = JA - 110

IF(JA-111) 212421252112

JA = 110

SORD(JA) = SYMZ

GO TO 400

SORD(JA) = SYMC

GO TO 400

JA = 145 + PRANGE*(VA(KT) = VMIN)

(B)e 2X9 22HCOINCIDENCE SH
(XsYsZ,o FOR

(3 )
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- 221 IF(JA-1) 22292309225
222 JA = JA + 110
i 2221 IF(JA=1) 222292234223
223 SORD(JA) = SYMX
224 GO TO 231
225 IF(JA=111) 2305230226 ~
226 JA = JA -110
2261 IF(JA=111) 227922792262
2262 JA = 110
227 SORD(JA) = SYMX
228 GO TO 231
230 SORD(JA) = SYMA
231 GO TO (400s241+240)sKPLAB
240 JB = 145 + PRANGE*(VB(KT) - VMIN)
241 IF(JB=1) 24242509245
242 JB = JB 4+ 110
2421 IF(JB=1) 242292439243
2422 JB = 1 _ S
243 SORD(JB) = SYMY
244 GO TO 400
245 IF(JB-111) 25092509246 ®
246 JB = JB - 110
2461 IF(JB=111) 24792472462
> 2462 JB = 110 ®
247 SORD(JB) = SYMY
248 GO TO 400
250 SORD(JB) = SYMB ®
400 WRITE OUTPUT TAPE 15s 940s KTs ABSCIS(KT)s (SORD(J), y=1s111)
940 FORMAT (13s 1Xs F&e2s 1Xs 111A1)
@ 401 KT = KT + KDK ®
402 IF(KT = NPLP) 40554255500
405 IF(IFHL) 41054109420
v 410 DO 411 J=1s111 Y
@
(3]
@
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411 SORD(J) = SYMBL
412 SORD(1) = SYMPL
& 413 SORD(111) = SYMPL
414 GO TO 430
i 420 DO 421 J=1,111
4 421 SORD(J) = SYMBL
422 DO 423 J=1,111,10
423 SORD(J) = SYMPL
& 424 GO TO 430
425 DO 426 J=1,111
426 SORD(J) = SYMPL
P 430 SORD(LZERO) = SYMO @
431 IF(JSPACE)1955195+432
432 KSPACE = JSPACE

? 440 WRITE OUTPUT TAPE 15, 950 ©
950 FORMAT(9Xs 1H+s 109Xs 1H+)
C THIS ADVANCES ABSCISSA BY ONE PRINTER LINE WHEN KSPACE IS ONE OR
? 460 KSPACE = KSPACE - 1 1)
470 IF(KSPACE) 1955195440
» ®
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500

-
400
406
407
408
410
420
428
429
430
440
441
941
942
442
443
YA
445
451

452
453

454
455
456
457
459
460

RETURN
END

SUBROUTINE WXR91C (QK»sQBsQCs
1 KT DELTsNSTEPsHAFDEL sDELSIXsKRTESTy
2 NZsNLZ9JSsJH9JT9sGAIGDsGSAsGSD
3 RACToRINB-RINC'QUENCHoROUTB’ROUTC90ENCHB;AFPOS)

le21464 CORRECTED STATEMENT 453 MOD OF WXR85C
le7664 148064
12¢31463 ADDITION OF AFPOS.
12,18,63 THIS IS CUBED VERSIONe

12018463 MOD OF WXR81 AND 83C.
12614463 MOD OF WXR81C

1249463 12412463 454~468)
124563 MOD OF 79Ce

RUNGE KUTTA FOR ACTIVE DENDRITES

DIMENSION QK (14)sQB(14)9QC(14)9A(14)9sB(14)sC(14)9DQ(1444)>
X DB(1l4s4)sDC(1494)

RINC = RINC
HIS STATEMENTS 1S TO SATISFY ARGUMENTe RINC
JSTEP = 0

IF(KRTEST) 41094109407

WRITE OQUTPUT TAPE 15 408s KT

FOREAT (5Xs 3HKT=s 13y 65Xy 25HTEST PRINT WITHIN WXR91C, )
JR=

DO 430 JZ=1s NZ

B(JZ) = QB(JZ)

C(JZ) = QC(JZ)

A(JZ) = QK(JZ)

IF(KRTEST) 4459445+44]

WRITE OUTPUT TAPE 15s 941y JRs JSTEP
FORMAT (24HARGUMENTS AsBsC FOR JR= 411,
FORMAT (5Xs 10E1043 )

WRITE OUTPUT TAPE 15s 9425 (A(JZ)s JZ=1s NZ)

WRITE QUTPUT TAPE 15 942y (B(JZ)s JZ=1s NZ)

WRITE OQUTPUT TAPE 159 942y (C(JZ)s JZ=1s NZ)

JR = JR + 1

DQ(1sJR) =GA*(A(2)~A(1))~A(1)+RACT*B(1)*(140-A(1)) =
X QUENCH*C(1)*(A(1)+AFPOS)

DQ(NZsJR) =GD*(A(NLZ)-A(NZ))
X QUENCH*C(NZ)*(A(NZ)+AFPOS)
DQ(JSsJR) = GSD*(A(JT)-A(JS))
X RACT*B(JS)*(1e—-A(JS))
DO 468 JZ=14NZ

ATEST = A(JZ) = «001
IFCATEST) 45794579464
ACUBE = 0.

BTEST = B(JZ) - «0001
IF(BTEST) 461+461,465

5X9 6HJSTEP=, 13)

+ GSA¥ (A(JH)-A(JS)) ~ A(JS) +
= QUENCH*C(JS)*(A(JS) + AFPQS)

= AINZ) + RACT*B(NZ)*() o-a(NZ)) =

IS NO LONGER USED BY PROGRAM

451X

452X
le2le64
453X

L2

® o 9 ¢ ¢ oo o o o

e

®
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o 461 DB(JZsJR)
462 DC(JZsJR)

& 463 GO TO 468

® 464 ACUBE = A(JZ)*A(JZ)*A(JZ) ®
465 BTOC = B(JZ)*(ROUTB + C(JZ)*QENCHB)

_ 466 DB(JZsJR) = RINB*ACUBE - BTOC

r ) 467 DCIJZsJR) = BTOC = ROUTC*C(JZ)
468 CONTINUE
470 DO 471 JZ=2sJH JZy*

3] 471 DQJZsJR) =GA*(A(JZ-1)+A(JZ+1)~A(JZ)-A(JZ)) - A(JZ) + RACT¥B(SE)

X (1e0-A(JZ)) - QUENCH*C(JZ)*(A(JZ)+ AFPOS)

472 DO 473 JZ=JTsNLZ ok

=} 473 DQ(JZsJR) =GD*(A(JZ-1)1+A(JZ+1)1-A(JZ)=A(JZ)) - A(JZ) + RACT*B(SZ)

X (1e0=A(JZ)) - QUENCH*C(JZ)*(A(JZ)+ AFPOS) il L

481 IF(KRTEST) 490+490s482

[ ) 482 WRITE OUTPUT TAPE 15, 982s JR

483 WRITE OUTPUT TAPE 15s 983s (DQ(JZ,JR)y JZ=1, NZ)

484 WRITE OUTPUT TAPE 15s 983s (DB(JZsJR)s JZ=1s NZ)

485 WRITE OUTPUT TAPE 15s 983s (DC(JZsJR)s JZ=1s NZ)

982 FORMAT (28HRUNGE-KUTTA DERIVATIVES. JR=s I1)

983 FORMAT (7Xs 10E10e3 )

490 GO TO (500950055305560)s JR

500 DO 510 JZ=1s NZ

508 B(JZ) = QB(JZ) + HAFDEL*DB(JZsJR)

509 C(JZ) = QC(JZ) + HAFDEL*DC(JZsJR)

510 A(JZ) = QK(JZ) + HAFDEL*DQ(JZsJR)

520 GO TO 440

530 DO 540 JZ=1ls NZ

538 B(JZ)=QB(JZ) + DELT*DB(JZs3)

539 C(JZ)=QC(JZ) + DELT*DC(JZs3)

540 A(JZ)=QK(JZ) + DELT*DQ(JZs3)

550 GO TO 440

560 DO 570 JZ=1s NZ WXR71C

568 QB(JZ)=QB(JZ)+(DB(JZs1)+DB(JZs4)+(DB(JZs2)+DB(JZs3))%2,)*DELSIX

569 QC(JZ)=QC(JZ)+(DC(JZs1)+DC(JZ94)+(DC(JIZ92)+DC(JIZs3))%2,)*DELSIX

570 QK(JZ)=QK(JZ)+(DQ(JZs1)+DQ(JZs4)+(DQ(JIZ+2)+DQ(JZ3))%2,)*DELSIX

580 JSTEP = JSTEP + 1

581 IF(KRTEST)59095905582

582 WRITE OUTPUT TAPE 15s 583s JSTEPs (QK(JZ)s JZ=1s NZ)

583 FORMAT (2T7HVALUES OF VAZ FOR JSTEP=s Ils / 4Xs 14(1Xs F7e4))

584 WRITE OUTPUT TAPE 15s 586s (QB(JZ)s JZ=1,NZ)

585 WRITE OUTPUT TAPE 15s 587s (QC(JZ)s JZ=1sNZ)

586 FORMAT (2Xs 2HQBs 2Xs 14(1Xs F744))

587 FORMAT (2Xs 2HQCs 2Xs 14(1Xs F7e4)//)

590 IF(JSTEP = NSTEP) 4109600600 WXR71C

600 RETURN

END

-B(JZ)*ROUTB &)
~C(JZ)*ROUTC

L

471X

® e o

HoHou
® & o o o o

SUBROUTINE WXR92C (QKsQB»sQC»
1 KTs DELTsNSTEPsHAFDELDELSIXsKRTEST,
2 NZsNLZ 9JSsJHsJT9GAsGDsGSASGSD
3 RACTsRINBSRINCSQUENCHsROUTB,SROUTCsQENCHByAFPOS)
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THIS 1S RUNGE-KUTTA COMPUTATION FOR PASSIVE DENDRITES.

400
402
406
407
408
410
420
428
429
430
440
441
941
942
442
443
444
445
451

452 DQ(NZsJR)

453 DQ(JSsJR)

X RACT*B(JS)*(1s-A(JS))
DO 468 JZ=1,JS

454
455
456
457

459

460
461
462
463
464
465
466

le2l.64
le7e64
12¢31463
1220663
12018663
12418463
12014463

1209663 12411463
MOD OF 79Ce

1245463

DIMENSION QK (14)9QB(14)sQC(14)sA(14)9B(14)sC(14)sDQ(1444))
X DB(1494)sDC(1444)

RINC = RINC
JSTEP = 0
EQJ = =,
IF(KRTEST)

JR=0

DO 430 JZ=1,
B(JZ) = QB(JZ)

C(JZ) =

ALJZ) = QK(JZ)

IF(KRTEST) 4454455441
WRITE OUTPUT TAPE 155 941,
FORMAT (24HARGUMENTS AsBsC
FORMAT (5Xs
WRITE OUTPUT TAPE 155 942,
WRITE OUTPUT TAPE 15,
WRITE OUTPUT TAPE 15,
JR = JR + 1

DQ(1sJR) =GA*(A(2)~A(1))=~A(1)+RACT*B(1)*(1,0-A(1))
X QUENCH*C(1)%(A(1)+AFPQS)
=GD* (A(NLZ)=A(NZ))
X B(NZ)*(1e=A(NZ))+ C(NZ)*(EQJ -A(NZ))
GSD*(A(JT)=A(JS)) + GSA*(A(JH)=A(JS))
-~ QUENCHXC(JS)*(A(JS) + AFPOs)

ATEST =

IF(ATEST)
ACUBE = Qs

BTEST =

IF(BTEST)
DB(JZsJR)
DC(JZHyJR)
GO TO 468
ACJZ Y XA(JZ ) *A(JZ)

ACUBE =

BTOC = B(JZ)*(ROUTB + C(JZ)*QENCHB)
RINB*ACUBE - BTOC

DB(JZsJR)

CORRECTED STATEMENT 453 MOD OF WXRB86C
lelbebl4h TO MATCH 85C AS OF 1le8e64

ADDITION OF AFPOSe

REPAIRED AT 452

THIS 1S CUBED VERSION.

MOD OF WXR82 AND 84Ce.
MOD OF WXR82C
12612663

41094109407
WRITE OQUTPUT TAPE 155 408s KT
FORMAT (5Xs 3HKT=s 13y 65Xy 25HTEST PRINT WITHIN WXR92C. )

5Xs 6HJSTEP=, 13)

(ACJZ )y JZ=1,

457 +457»464

46194619465
-B(JZ)*ROUTB
-C(JZ)*ROUTC

WXR71C

WXR701C

WXR71C
WXR71C

WXR71C

451X

452X
le21e64
453X

® ¢ ¢ ¢ o o o O

e
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467 DC(JZyJR)
468 CONTINUE
470 DO 4702 Jz
4701 DB(JZyJR) Oe
4702 DC(JZsJR) Oe
4703 DO 471 JZ=JTsNLZ
471 DQ(JZ9JR) =GD*(A(JZ-1)+A(JZ+1)=-A(JZ)=ALIZ)) = A(JZ)
X + B(JZ)*(1e=A(JZ)) + C(JZ)*(EQJ -A(JZ))
HERE B AND C CORRESPOND TO SYNAPTIC E AND Je
472 DO 473 JZ=24JH
473 DQ(JZsJR) =GA*(A(JZ=1)+A(JZ+1)-A(JZ)=-A(JIZ)) = A(JZ) 4 pACT*BI(JZ)*
X (160-A(JZ)) - QUENCHXC(JZ)*(A(JZ)+ AFPOS)
481 IF(KRTEST) 490,490+482
482 WRITE OUTPUT TAPE 15s 982s JR
483 WRITE OUTPUT TAPE 15 983s (DQ(JZsJR)s JZ=1s NZ)
484 WRITE OUTPUT TAPE 15» 983»s (DB(JZsJR)s JZ=1y NZ)
485 WRITE OUTPUT TAPE 15 983s (DC(JZsJR)s JZ=1» NZ)
982 FORMAT (28HRUNGE-KUTTA DERIVATIVES. JR=s I1)
983 FORMAT (7Xs 10E1043 )
490 GO TO (5005500+5305560)s JR
500 DO 501 JZ=1s NZ
501 A(JZ) = QK(JZ) + HAFDEL*DQ(JZsJR)
502 DO 509 JZ=14JS
508 B(JZ) = QB(JZ) + HAFDEL*DB(JZsJR)
509 C(JZ) = QC(JZ) + HAFDEL*DC(JZsJR)
520 GO TO 440
530 DO 531 JZ=1s NZ
531 A(JZ)=QK(JZ) + DELT*DQ(JZ»3)
532 DO 539 JZ=1,JS
538 B(JZ)=QB(JZ) + DELT*DB(JZs3)
539 C(JZ)=QC(JZ) + DELT*DC(JZs3)
550 GO TO 440
560 DO 561 JZ=1s NZ
561 QK(JZ)=QK(JZ)+(DQ(JZs1)+DQ(JZs4)+(DQA(IZ+2)+DQ(JZs3))%,,)*¥DELSIX
562 DO 569 JZ=1sJS
568 QB(JZ)=QB(JZ)+(DB(JZs1)+DB(JZs4)+(DB(JZ92)+DB(JZ93))x%2,)*DELSIX
569 QC(JZ)=QC(JZ)+(DC(JIZs1)+DC(JZ94)+(DC(JZ92)+DC(JIZ93))xp,)*DELSIX
580 JSTEP = JSTEP + 1
581 IF(KRTEST)590+5904582
582 WRITE OUTPUT TAPE 15s 583y JSTEPs (QK(JZ)s JZ=1y NZ)
583 FORMAT (27HVALUES OF VBZ FOR JSTEP=y Ils / 4Xs 14(1Xy FTe4))
584 WRITE OUTPUT TAPE 155 5869 (QB(JZ)s JZ=1sNZ)
585 WRITE OUTPUT TAPE 15 587s (QC(JZ)s JZ=13sNZ)
586 FORMAT (2Xs 2HQBs 2Xs 14(1Xs F744))
587 FORMAT (2Xs 2HQCs 2Xs 14(1Xs F744)//)
590 IF(JSTEP - NSTEP) 41056005600
600 RETURN
END

BTOC - ROUTC*C(JZ)

JTsNZ

" on

"

WXR71C
471X

473X

WXR71C

WXR71C

WXR71C

WXR71C

WXR71C
WXR71C
WXR71C

1200

47
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